We first obtain by analogy with the continuous (differential) case the general solution of a discrete Riccati equation. Our results can be considered the discrete analog of Mielnik's construction in supersymmetric quantum mechanics [J. Math. Phys. 25, 3387 (1984)]. Moreover, we establish the full equivalence of our discrete Riccati equation and a corresponding homogeneous second order discrete linear equation. We present an application to the three-site master equation obtaining explicitly the general solutions for the simple cases of free random walk and the biased random walk. 
For the usual nonrelativistic one-dimensional quantum mechanics b = 0 and a = −1, i.e., the integration factor is f qm = e −2
x y 0 . The particular solution y 0 is known as Witten's superpotential [1] in the context of supersymmetric quantum mechanics [2] , while the general
may be called Mielnik's superpotential [8] . Moreover, f Schrödinger equations, which has been recently emphasized by Haley [4] .
Consider now the discrete Riccati equation (DRE) y n+1 = a n y n+1 y n + b n y n + c n , with known solution y 0 n . As for CRE, the general solution is chosen of the form y 1 n = y 0 n + u n . The discrete equation for the function u n (discrete Bernoulli equation) will be u n+1 = a n 1 − a n y 0
We now take v n = 1/u n to get
whose solution reads
where D is a positive constant. Thus, the general DRE solution can be written down as follows
One can remark the formal analogy between the CRE and DRE general solutions. Indeed,
can be thought of as a discrete "integration" factor (DIF), and thus Eq. (5a) can be written in the form
from which the analogy (and difference) with respect to the continuous case is transparent.
We now want to establish a formal equivalence between the DRE and the homogeneous second-order discrete equation (HSODE), more exactly, between y n+1 = a n y n+1 y n + b n y n + c n and c
In the DRE let y n = xn x n+1 + d n . After some easy algebra and with the crucial choice d n+1 = −b n /a n one gets (c n + b n a n )x n+2 − (1 + a n b n−1 a n−1 )x n+1 + a n x n = 0 .
Thus, the identifications are b
and c ′ n = c n + bn an . Vice versa, let us start with the HSODE and introduce y n = x n /x n+1 +(b ′ n +1)/a n . Again, after quite simple algebra, one gets the DRE with the following identifications b n = −a n (1 + b ′ n+1 )/a n+1 and c n = c
These are the inverse identifications of the first ones.
One may foresee many physical applications of the above mathematical results. Here we present only one simple application, namely to write down the general solution of the Hermitian three-site master equation written as in [5] and [6] −(g n+1 r n+2 )
where g n is the transition rate for the jump n → n + 1 and r n is the one for the backward jump n → n − 1, while x n can be thought of as the square root of the site probability. The known stationary solution is [7] 
where A is a scaling constant. The transformation
applied to Eq. (7) leads to the following master Riccati equation
with the particular solution
However, one can write the general solution corresponding to Eqs. (5a,b), where y 0 n is substituted by Eq. (11) and
where the superscript M stands for master. By introducing the master DIF
one can write a compact form of the general master Riccati solution
where D is a constant. Moreover, using simple discrete algebra, one can obtain the following new general solution of the master equation
where x 0 p is the known product solution Eq. (8) having p factors.
Let us see now the particular case g n = c 1 , r n = c 2 , where c 1 and c 2 are two real numbers ∈ (0, 1), such that c 1 ≤ c 2 , i.e., q = (c 1 c 2 ) 1/2 , whereas the general Riccati solution reads
At this point, we treat separately the two subcases as follows.
(i) For c 1 = c 2 = 1 2 (free random walk), the particular solution is y 0 n = −3 and the general solution is
(ii) For c 1 = c 2 (biased random walk), say, c 1 = 
For ǫ → 0 this solution goes into the above one for the free random walk.
Passing to the master equation one can get in the two subcases the following solutions:
). For the positivity of the solution one should take D > n−1.
One can see that for D ≈ n, at large n, x 1 n is nought. However, for D = αn, where α > 1, again at large n, x 1 n = A(1 − 1 α ) is substantially different from x 0 n . Finally, for α ≫ 1 one gets the particular solution.
(ii) x 0 n = A( [8] .
